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Abstract 
cted to be 
finished by 2060s. Moreover, the fossil fuel is directly related to air pollution, land and water degradation. The danger of climate change 
due to global warming caused by greenhouse gas emissions compels the policy makers, scientists and researchers globally to explore 
power generation from renewable sources such as wind. Despite significant progresses have been made in power generation using large 
scale wind turbines recently, domestic scale wind turbines that have immense potentials for standalone power generation are not explored 
and adequately researched. Therefore, the primary objective of this study is to review and analyse the potentials for power generation by 
domestic scale wind turbines for the residential and semi-commercial applications. The study reviews the current status of wind 
characteristics in built-up areas, economic feasibility, aerodynamic and technological limits, local government planning requirement, local 
and foreign small scale wind turbine manufacturers. 
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1. Introduction  
The diminishing fossil fuel energy sources, uncertainty of energy supplies and increasing threats of global climate change 
due to greenhouse gas emissions have become a key factor in global energy policy [1, 3, 4]. To meet the obligations under 
the Kyoto Protocol, every nation has adopted a target for the utilisation of renewable energy. The Australian Government 
adopted a Renewable Energy Target (RET) scheme specifying at least 20% electricity generation should be from renewable 
sources especially from wind by 2020 [3, 15]. It is no doubt that power extraction from wind has achieved significant 
improvement in operating efficiencies over the decade, making it more economically competitive over other energy 
generation techniques.  
The wind power is abundant, renewable, widely distributed over our planet, clean, produces no greenhouse gas emissions 
during operation and uses little land [3, 4, 13, 15]. Any effects on the environment are generally less problematic than those 
from other energy sources. As of 2010, wind energy production was over 2.5% of worldwide power, growing at more than 
25% per annum. Thanks to the technological advances and better understanding of wind characteristics, the overall 
generation cost per unit of energy has come down to the cost of power generated by using high grade coals and/or natural 
gas [2, 5, 6, 7].  
In 2010 and 2011, more than half of all new power generation from the wind was added for the first time outside of 
Europe and North America. China and India lead the construction of wind turbines for power generation, accounting over 
[7]. Over the past five years the average growth of new wind turbine 
installations is estimated to be over 27.6 percent each year. The average annual power generation growth from the wind in 
2013 is forecasted to be around 16% (e.g., 200,000 MW capacity new wind turbine installations) [5, 6, 11]. A new forecast 
also indicates that the global wind power market penetration will be around 3.35% in 2013 and 8% by 2018 [5, 6]. The 
Australia has excellent wind resources 
thanks to its geographical terrain and vast coastal belt. However, the utilisation of wind resources for the power generation 
in Australia is significantly lagging behind other developed countries. The slow utilisation of wind resources is believed to 
be due to its current power production from black and brown coals. Fig. 
resource application for power generation. The figure clearly indicates that Australia produced only 2,476 MW power from 
 
 
 
Table 1: Top ten wind power generating countries by December 2011 [6, 7] 
 
Country Power Production % of world total 
 MW  
China 62,733 25.62 
USA 46,919 19.16 
Germany 29,060 11.87 
Spain 21,674 8.85 
India 16,084 6.57 
France 6,800 2.78 
Italy 6,747 2.76 
UK 6,540 2.67 
Canada 5,265 2.15 
Portugal 4,083 1.67 
Rest of World 32,446 15.9 
Total 244,891 100 
 
 
1. South Australia is the leader in power 
Australia are equally second  having around 17% each. Queensland and Northern Territory did not produce any power from 
the wind in 2011. At present, there are two categories of modern wind turbines, namely horizontal axis wind turbines 
(HAWTs) and vertical axis wind turbines (VAWTs).  Both turbines are widely used for large scale installations and linked 
to the electricity grid. Both types of turbine have been tested and optimised in smooth flows  usually in wind tunnels or in 
computations fluid dynamic domains. However, their performances can significantly differ in situ from the predicted 
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performances. 
present, 52 wind farms 
generation should come from the d
least 41,000 GWh of electricity by the large scale wind turbines and 4,000 GWh by domestic scale wind turbines [6]. 
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Fig. 1. Power generation from wind: World versus Australia [4, 10] 
 
 
Power generation from the wind is progressing slowly compared to many developing and developed nations. For example, 
around 1,880 MW of wind capacity was installed in Australia by 1,052 operating wind turbines in 2010.  With more 
projects in the pipeline, the capacity of Australian wind farms is expected to be increased further. At present, 192 MW 
km2. However, in the future there will be bigger wind farms which will house more than 500 wind turbines. For example, 
1,000 MW [15].  As shown in Fig. 3, currently South Australia has the largest installed power generation capacity of 907 
MW in Australia, closely followed by Victoria (428 MW). Australia has the potential to be a world leader in power 
generation from the wind energy thanks to its vast wind resources across the southern and western coastal belts as shown in 
Fig. 2 [14, 16].  
 
MW) is coming from domestic scale wind turbines. As a 
1. 
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Fig. 2. Australian wind resources distribution [16] 
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Fig. 3. Installed state wide power generation from wind in Australia [3] 
2. Global Prospect for Domestic Scale Wind Turbines 
The power output of a domestic scale wind turbine is generally less than 10 kW. The rotor of such a wind turbine ranges 
from 1 to 5 m in diameter and mounted on a free standing tower or rooftop. Although, it is difficult to determine the total 
number or capacity of power generation by small-scale wind turbines, China alone has over 300,000 domestic scale wind 
turbines generating electricity [7]. One of the difficulties for the application of domestic scale wind turbines in unban 
environment is the complex wind characteristics due to the presence of buildings and structures. In urban areas close to the 
ground the atmospheric wind is highly turbulent and this is particularly strong in close proximity of buildings. Turbulence 
exhibits significant fluctuations in magnitude and high directional variability.  Under such conditions the VAWT is a more 
effective power generator than the HAWT. Generally, VAWTs possess fewer moving parts and a lower tip speed ratio than 
HAWTs making VAWTs significantly quieter and thus well-suited for urban applications. Unlike HAWTs, which have to 
-changing wind direction, VAWTs are less sensitive to 
changing wind directions and therefore to turbulence. This is an important advantage for the effective use of VAWTs in 
urban and built environments [15]. Moreover, local sitting of power generation using domestic scale VAWTs can reduce 
significant transmission losses and land costs compared to HAWTs. At present, most installed HAWTs are mast-mounted 
and located in rural environments. Reports on domestic scale HAWTs and VAWTs available in the open literature 
suggested that many domestic scale wind turbines doe not perform well as  most such turbines are being developed by wind 
energy enthusiasts and small companies who generally do not have adequate technological and financial resources to refine 
their initial designs to perform better by increasing efficiency [1].   
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Fig. 4. Power generation capacity as a function of wind speed for various diameter wind turbines 
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A recent study by Alternative Technology Association of Australia (ATAA) reported that a significant variation in actual 
power generation compared to predicted power generation capacity in situ for the domestic scale HAWTs [3, 5, 9, 10, 15], 
which is primarily believed to be due to the over prediction of local wind characteristics in urban environments. Some 
popular domestic scale VAWTs and HAWTs used in Australia are shown in Fig. 5. 
 
 
 
a) VAWTs on CH2 building 
 
b) Savonius type VAWT 
 
c) Nautilus (Darrieus) rotors 
 
Fig. 5. Various domestic scale wind turbines used in Australia [1] 
 
 
At present, a significant gap exists between the potential power in the wind and power curves of existing small wind 
turbines. Whilst developing wind turbine technology further may increase efficiency and reduce this gap, it can never be 
higher than theoretical value predicted by Betz Law as shown in Fig. 4. Therefore, the power generation capacity is limited 
by turbine diameter and the available wind regime in built up areas. Fig. 4 clearly demonstrates that the power generation 
capacity increases exponentially with the increase of turbine diameters. 
3. Domestic Scale Wind Turbine Manufacturers in Australia 
Despite having huge potential to generate power from the wind in built up areas, a small number of local turbine 
manufactures is active commercially in Australia. As mentioned earlier, China and the Unites States dominate in domestic 
scale wind turbine productions each with over several thousands manufacturers. Most Australian made domestic scale wind 
turbines produce as little as few watts (W) to around 10 kW. Some current Australian domestic scale wind turbine 
. 6. The Soma, 
Hush and Aerogenes wind turbines are relatively known in Australia. However, scant data of their market share is currently 
available. There are several other so called Australian companies that manufacture turbines in China and market them in 
Australia through online or by other means. 
 
 
Table 2: Australian domestic scale turbine manufacturers 
 
 Manufacturer  Maximum Power Location 
1 Soma Pty Ltd 400 W &  100W NSW 
2 Hush 1 kW & 5 kW Victoria 
3 Aerogenesis 5 kW NSW 
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a) Soma turbine 
 
b) Hush turbine 
 
c) Aerogenesis turbine 
 
Fig. 6. Australian domestic scale wind turbines [8, 12, 13, 16] 
4. Factors associated with Domestic Scale Wind Turbine Application 
4.1. Urban Wind Characteristics 
The wind characteristics in urban (built up) areas significantly vary compared to rural and unobstructed areas. At present, 
there is no prediction model for wind characteristics of built up areas that can be used with confidence to estimate the wind 
profile (wind velocity, wind direction, wind gustiness & turbulence intensities, etc.) as the urban areas are very diverse and 
substantially dynamic. Most currently available wind data lacks the required resolution and practically invalid for heights 
less than 10 m. For example, the wind data determined through modelling for the city of Melbourne, Australia is available at 
an elevation of 25 m which is an impractical height for most urban dwellings as a mast that high would make it difficult to 
get planning permission. Additionally, most Australian metropolitan cities except the city centre are being developed 
horizontally (not vertically as Hong Kong and Singapore) where the heights of dwellings are less than 10 m. Therefore, 
existing wind maps do not include urban wind characteristics adequately.  
In order to maximise the use of wind resources in urban areas, the wind flow around a typical house/building, both in 
isolation and within an array of houses with different configurations needs to be understood. Once the wind behaviour is 
understood, the potential site for installing wind turbines can be determined. It should be stressed that the complexity of 
modelling the urban environment using computational models has severe limitations and results can only be considered over 
simplified but nonetheless, gives an indication of expected yields within the built environment [3, 14, 15]. The 
understanding of micro wind environments is require . The software based 
simulation is not enough to prediction individual site selection for optimal power generation. On-site measurements of wind 
characteristics provide most reliable data with minimum costs [3, 14, 15]. 
 mean wind speed 
wind speeds using the WindScape wind resource mapping tool developed by Commonwealth Scientific, Industrial and 
Research Organisation (CSIRO) Land and Water. This software uses atmospheric data and regional topography to model 
the wind resource at 65 m above ground level to a resolution of 3,000 m. Such large resolution cannot incorporate the micro 
environment as it ignores any landscape effects smaller than 3000 m including most residential houses, buildings, trees, 
structures, small hills, ridges, etc. Undertaking on-site measurements of wind condition is one of the best ways to identify 
the potential sitting and maximise the power generation capacity of domestic scale wind turbines [3, 14, 15]. 
4.2. Planning Permits, Insurance, Grid Connectivity 
The application of domestic scale wind turbines in urban applications is at the early stage in Australia. Therefore, no 
definitive government policies and guidelines on planning permit, installation, insurance and grid connectivity of micro 
wind turbines for urban application have been formulated. However, some local councils/municipalities in Australia are 
currently developing policies/guidelines regarding domestic scale wind turbines for the use in built up areas. At present, 
virtually no planning permission is required for most Australian councils/municipalities unless the turbine: a) has been 
installed in a heritage overlay or other overlay area, b) has swept blade area greater than 500 m2,  and c)is located in 
Residential zone 1 [15]. 
Presently there is no national standard for domestic scale wind turbines. The only standard related to wind turbines is the 
IEC 61400 (Design Requirements for Wind Turbines). The IEC TC 88  (International 
Electrotechnology Commission Technical Committee), deals with  
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Most domestic scale wind turbines are generally not grid connected. However, a grid connection can an opportunity to 
generate a portion of household power supply, drawing from the grid at times when the demand outstrips ability to 
generate, and feeding into the grid when production exceeds consumption. For grid connection, a domestic wind turbine 
needs an inverter to match the voltage range of the grid, a bidirectional electricity meter and contract with the retailer. 
Despite the limitation, a very small number of domestic scale wind turbines is currently grid connected in urban areas. In 
order to connect domestically generated power with the grid, an inverter compatible with Australian standards AS3100 and 
AS4777 is required in addition to a formal agreement with the retailer.   
Mounting a wind turbine on the roof of a house or building requires careful consideration of many issues including 
building and works permission, noise level, house structural integrity and mounting, and house insurance underwriting. The 
mass of a typical domestic scale wind turbine can vary from 10 kg to 80 kg similar to solar PV or solar hot water panels. 
However, unlike solar panels, the turbine can introduce torque and bending moment about the mounting structure. The 
Australian standard AS1170 - minimum design loads on structures can be used for mounting turbines on structures. Special 
earthing for turbines is also required to avoid damages caused by lightening strikes [3, 8, 15]. 
5. Economic Analysis 
The cost of installing a grid-connected domestic scale wind turbines consists of capital cost and maintenance cost. The 
capital cost includes costs of turbine, tower, electrical cable, inverter, electricity meter, installation, and the option for grid 
connection. The running cost generally includes the cost of maintenance. 
5.1. Capital Cost 
The cost of domestic scale wind turbines ranges from $2,000 to $10,000. Some local and foreign domestic scale wind 
turbines and their installation costs are shown in Table 3. Most commercial domestic scale wind turbines come with 2 to 5 
years parts replacement warranty. The power generation capacity and the cost increase with the size of the turbine are 
shown in Table 3.   
 
 
Table 3: Installation cost, physical dimensions and power generation capacity 
 
Manufacturer Type Cost 
(A$) 
Power Origin Warranty  
mm 
Mass 
(kg) 
No. 
blades 
Materials 
Ampair Pacific HAWT 2000 100W UK 2 yrs 928 12.5 6 Glass filled 
polypropylene 
Ampair Pacific HAWT 3500 300W UK 2 yrs 1200 10.5 3 GRP 
Superwind HAWT 4100 300W Germany 3 yrs 1200 11.5 3 - 
Whisper 200 HAWT 5000 1000W Australia 5 yrs 2700 30 3 Polypro/Carbon Glass 
Reinforced 
Whisper 100 HAWT 4300 900W Australia 5 yrs 2100 21 3 Polypro/Carbon Glass 
Reinforced 
Bergey XL.1 HAWT 5500 1300W USA 5 yrs 2500 34 3 - 
 
5.2. Maintenance 
The maintenance cost of a domestic scale wind turbine is not significant as the task of maintenance generally includes 
replacing worn out parts, bearings and leading edge blade tape, grease and oil. No skilled manpower is required for 
undertaking maintenance work. 
5.3. Warranty and insurance 
Most domestic scal
insurance liability for domestic scale wind turbines is generally covered with the building insurance if relevant building 
regulations are complied and the generated power is not sold commercially.   
5.4. Revenue generation and payback 
The cost of power generated by the domestic scale wind turbine replacing power from the grid, the turbine and the annual 
return on investment through electricity bill savings is generally used to estimate a payback period. The payback period 
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greatly depends on turbine types and its efficiency. As a general rule, larger turbines have shorter payback periods. In 
general, the payback period of a domestic scale wind turbine is longer. However, with the decrease of production and retail 
costs of w retail price, the pay back period for most domestic scale 
wind turbines will be significantly shortened (~ 5 to 8 years). 
6. Concluding Remarks 
The domestic scale wind turbines have immense potential for wind power generation in built up areas. However, with 
currently available domestic scale wind turbines, it is difficult to generate any appreciable power due to unavailability of 
reliable local wind data. The selection of appropriate mounting sites requires site specific measurement of wind data. The 
site selection cannot rely on simulated data only.  
To take the aerodynamic advantage of local wind profile, the design of current domestic scale wind turbines needs to be 
improved. Most currently available wind turbines are optimised in ideal wind conditions, which need to be optimised with 
the onsite performance data.  
The cost of wind turbines is still higher compared to PV panels, which needs to be within the financial capacity of 
common people. At present, no government rebates or subsidies are available for domestic scale wind turbines for urban 
applications. Government incentives will encourage people to install the turbine as such incentives are available for PV 
panel installation.    
Government policies and regulations are required to be enacted for better utilisation of domestic scale wind turbines and 
removing any ambiguity in this regard. More importantly, significant research and development are required for improving 
the efficiency and power generation capacity of domestic scale wind turbines. As majority of small wind turbine 
manufacturers are s in 
this important sector are required.    
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